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imiMOSENSITIVE POLYMERS FOR TB^ 

METHODS OFPREPARATION 

iflEEJ) OFCTUmCENII^ 

[0001] Ilie present invention xelalesgen^^ 

flieir piepaiation, indudii^ nanpponms polymeis suitable for use in medical applications 
soch as wound diessiqg and ceU giafiinig. 

BACKGROUIW OF THE INVENTION 

[0002(1 Wound healipg is an active aiea of interest fixr many leseaidieis given its 
impoitance in fte treatment of bums. Hie pievention of post suigical adhesions and in 
sosmedc suigeiy. The objective of usii% a vvoun 

by pieventizv excessive fluid loss and bacterial infection, and by psacac^SDg tiie 
acceleration of tissue legeneiation (T. Stephen, in Wound management end dressings, 
Ihe Phannaoeutical Fiess, London, (1990), 1.). 

[0003] Cunendy, available diessisig materials tend to be composed of gauze, vAddi 
GbB^ easfly. The fibeis of the ganzB tend to become tiqpped in 4^ 
beaUi^ wounds, making the eventual removal of the dressing extremely difficult and 
painM. lUs would also like^ tear off fibioblasts or epittelial cells Ifaat might have 
prolifoated and migtated onto the dressing matmal, fteieby con^nmiising tiie nonnal 
healing process by inflicting secondaiy damage to the wound (Coduane et al. 
Biomaterieds (1999) 20: 1237.). Ibis is often Ihe case when a dressn^ has to be dumged 
foutinely. 

SUMMARY OF THE INVENTION 

[00041 In one aspect^ tbepiesmt invention provides a pn)cessJbri^^ 
flieanosensitive polymer compimng pol3aneriziz)g a microemulsion conq)risi]:\g a first 
monQmer that is capsbh of fixmoiqg a tfaennosensitive polymer and apolymerizable 
sur&ctant* 
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[0005] Jr anoflier aspect; the pxesent inventioa provides a method of dressing and 
undressing a wound compxising q)plying a Iheimosensitive polymer to a wonnd; 
inunediately prior to removing Ihe polymer ftom the wound, reducing the temperature of 
Iheimosensitive polymer to fedlitate removal of flie polymer, and removing the polymer 
fiomdiewound. 

[OOOG] In yet another aspect the present invention provides a method of delivering a 

ftennosensMve nanoporous potymer; and applying the Ihemiosensitive nanopoious 
polymer to the wound. 

[0007] In a fiuther aspect, the present invention provides a method of delivering a 
cell to a graft site comprising culturing tiie cell on a tiiermosensttive nanoporous 
polymer and placing the polymer craapiising die cell onto the graft site. 

[OOOq In yet a fiuther aspect, die present invention provides a theimosensitive 
polymer wUch is nanoporous. The invention also provides a thermosensitive nanoporous 
polymer* prepared according to the various embodiments of die process cf the present 
invention. The invention fiudier provides a diennosensitive nanoporous polymer ft)imed 
fiom a micioemulsion comprising a first monomer capable of forming a diermosensitive 
polymer and a polymerizable sur&ctant 

[0009] The present invention provides a process for preparing a thermosenative 
polym^ fiom a microemnlsicm. The polymer is usefid in medical s^lications such as 
wound dressing and ftnr deltvery of cells to a graft srtB. 

[0010] The invention dierefore also relates to use of a thermosensitive polymer 
according to various ^bodiments of die invention as a wound dres^ng and, to deliver a 
dierapeutic agent to a wouiid and to deliver a cell to a graft site. 

[QOII] The polymer is formed by polymerizing a rniooemulsiQn that comprises a 
monomer c£^le of ftmnii^ a diermosensitive polymer and a polymerizable su rfa ctan t . 
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[0012] By fonning tiie polymer fiom a microemulsiQii incorporating such a 
mosiomer, the polymer has thennosensitive swellability characteristics that provide 
advantages when fee polymer is nsed in 4e context of a medical plication. For 
example, the polymer may be applied to a wound as a dressing to minhnize the risk ot 
bacterial infection. Manipulation of the ambient temperature results in the change of 
hydrophilicity of tiie polymer, fedlitating ranoval of Ae potymer fiom a wound, and 
thereby reducing dismption of the h^lingprwce^ 

[0013] The polymer can be made to be nanpporous, allowiqg fx gaseous exchai^e 
and provides tiieimal insulation. The potymra- can also be made to be transpaxoit, as 
would be known to a skilled person, permitting c*servation of fte wound without flie 
need to remove the dressing prematurely. Furthennore, tibie polymer of the invention 
provides a protective barrier fliat is generally impermeable to microorganisms, fiiereby 
helping to niininiize risk of infection of the vround. 

[00141 The porosity of tite polymer makes it suitable for delivering dierapeutic 
agents, sudi as drugs, antibiotics, cdlular fectors, nudeic adds wr pq)tides to a wound. 
iDOorporatmg the polymer wifli a 1hen«)eutic agerrt allows fer a sustained rdease of the 
tfierspeutic agent once the polymer is qpidied to the wound. 

[0015] The polymer may also be used as a vehide forlfae delivery of cultured cells or 
tissue to a wourul or graft site. 

[0016] Other aspects and features offte present invention vrifl become ap^^ 
&ose of ordinary skill in fte art upon review of tiie following descriptkm of i?)edfic 
embodiments of the inv^on in conjunction widi the acoomparQnng figures. 

BRIEF DESCMPnON OF THE DRAWINGS 

[0017] In the figures^ whidi illustrate embodhnents of the present invention by way 
ofesanqpleonly. 
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[0018] Figure 1 is an atomic force micmscopy image depictiog Hie sui&ce 
topography of atb^xmoseasitive porous membiane; 

[001^* flgare"2 is a scanning electron microscopy^ itnage of a istoss-see^on of a 
fiiemos^isitEve poxous membrane; 

[0020] Hgore 3 is a graph of the swelling ratio of membranes wifli various monomer 
ocmpoations versus tamperatuiei to demonstxate the tanperalureKiqwndcnt swelling 
property of the membranes; 

[0021] Figure 4 isaplotof in vitro release profiles of a model dnig, scopolamine^ 
fiom soopolamine-loaded membranes; 

[0022] Figure 5 is a photographic image of cells grown on membranes having 
difieient monomer compositions: (A) HMN 1; (B) HMN 2; (Q HMN 2a; (D) HMN 3; 
(E) HMN 4; and (F) cell culture plate. 

[0023] Figure 6 is photographic images of cells grown on various sur&ces: (A) 
Ihemiosenshive porous membrane (HMN 1); (B) ceU culture plate; and (C) a dose of 
cefls comiectu^g between dunq)s of growth m Ihe memhraoe; 

[0024] Figure? is aplot of percentage of cells detached firai various membranesas 
a function of tenq)6Eatur6; 

[002Q Figure 8 is a photographic image of cells detadxed fiom the various 
mmteanes, reattached and grown on a culture plate: (A) HMN 1; (B) HMN 2; (Q HMN 
2a; (P) HMN 3 ; and (E) HMN 4; and 

[0026] Figure 9 is a photogc^h of a representative membrane, demoostcating the 
transpaiency of Ihe membrane. 
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DETAILED DESdUFIION 

[0027] Ideally, a wound dressing sbould be flexible, gas petmeable, durable and have 
Ae-abHily^to joontrolwatffr ht^ shcmld efiectjgiidwmnid closuiB.to4aeveiitJgpd&md^ 
excessive fluid loss Ifaroogh flie open wound. It should adhere well to die wound and be 
easy to ap^y and leniove without cansnqg damage to the granulation tissue or new 
epitheUum. Preferably, it should be transparent to allow observation of the wound 
wi&out leqnii^ pnaniat^ of fliie diessiri^ vducS results in intern^ of the 

wound healing process. It diould maintain its shape during ^licaticm to the wound and 
also' be comfortable ^en in place. In addition, it should not ejdiibit antigenicity, or local 
and systemic toxicity. Finally, it should be cost-efiective. Despite extensive studies, sudi 
malBrid is currently not available (Wiseinanetal., in Wound dressings: Design and use 
(Eds: Cohen, Diegehnann and Linndblad) Philadelphia: WB Saunders Co. 1992, 562; 
T>2i&, Prof Nurse 12 Stq>pU 1997, 12; Rothe and Falanga, Arch Dermatol 1989, 125: 
1390; Puma and Babu, Bums, 2000, 26: 56; Pruitt and Levine, Ardt Surg 1984 19: 312). 

[p02q A thermosensitive pdymer such as poly(JV-isopropylacrylamide) 
CTNIPAAm") exhibits a lower critical sohrtion tenqperature Q%CSr). PNIPAAm is a 
wen-known thermosensitive polymer that ediihits a well-defined LCST of about 32T in 
water. PNIPAAm is folly hydrafced, with an extended chain conformation, in aqueous 
solutions below 32?C and is extensively ddiydrated and compact above fliis temperature. 

|]0029i| Themiosensittve pdymm are polymers that undergo aidbase shift vdien their 
tBmpenrt^iw p^«»g thmagh a lofwer critical sdution temperature rLCa> A^). Abovette 
IX:;ST, the po^maer tends to become dehydrated, rnaki^ Below 
the LCST, die polymer becomes extensively faydrated, and is diereby more water-^luble. 
A number of poly(acrylanride) derivatives, for example, poly(aIkylated aciylamides) are 
themiosoisitive, wfaidi include^ but are not limited to, poly(Ar-isopn)pylacrylamide) 
CTNIPAAm'^ or polyW J\Miefliylacrylamide) (TDEAAm*"). 

[00301 1^ present context, the term **fliermosensitive polymer^ refers to a polymer 
that has an increased a£Emty for water, and therefore can swell below a given 
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lBaq)eiati]ie herein xefened to as ]X!ST. 

[0031] A monomer enable of fbnning a thennosensitive polymer is a monomeric 
•cfflnpound-l hal is u ap ablg-of T)o^TOerizing-nfWtir-itsdf- or-wifli-oflier-moiiomeiic— 
amipoimdstofomapolynierftatisftennoseiisiti^ For example, Hie monomer may 
self-iwlymerize to finm a themuMenattve homopdymer. or it may polymeiize with 
another monomelic conqwmid to to a random cqpdymer or a bloA 

of v«hi<^ "mil exhiiutftamosenative properties. 

[0032] The inventors have discovered lhat polymeiization of a microemulsion that 
includes a monomw c^aUe of forming a Aermosensitive polymer and a potymerizaUe 
sui&ctant results in a tiiemiosensitive polymer. Hie polymer therefore has 
IhemiDsensitive swellability characteristics that provide advantages when the material is 
used in the context of a medical appUcation. For example, a Hiennosensitive polymer 
membrane which is nanopoious may be appUed to a wound as a dressing. When flie 
dressing needs to be removed, the membrane may be swollen by redncn^ the 
temperature of the wound below the LCST of the polymer, hereby fedBtating its 
lemoval fixKn the wound site. 

[003^ Ihus, 4e present iuventi«i provides a process for prqwring a thermosensitive 
polymer comprising polymerizmg a microemulsion comprising a first monomer equable 
of forming a ttermosenative polymer and a polymerizable snrfectant. 

[00341 As ffi understood in the ait; "^naicioemiilaon" refers to tranqiaient 
dispersed liquid systems consistmg of a hydiophilic solution phase, a hydrophobic 
solution phase and a sni&dant, whidi is contmuons or U-contimious, ta microemulsion 
lavii«equiUbriumdomamsi2Mtyi«caUy(mtheoiderof 1 to IQO^^ The prqiaiatiwi 
of nudoemulaans is known in tbe ai^ and micioranulsions including polymerizable 
sui^dams have been used to prepare transparent solid polymers having various 
nanostructures. A polymerizable suifectant is capable of polymerizing with itself or wi& 
other monaneric compounds to to a polymer. Due to tiie incoiporation of «ie 
sui&ctant into the polymer, fte need for separation of fte suifectant fiom the polymer 
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afier poiymensaticm can be avoided 

[0035] The first monomer and the polymeiizable suifectant may be combined with 
mtertofornrym ixUg er^dudr^^ 

a microemulsion by standard techniques known to a skilled person to create the 
miciDenmlsian. For exampiie» the mixtnie may be sanicated, voitexed, or od^rwise 
agttated to create mic^odioplets of the di£fetent phases widiin the mixture, the 
miciodioplets beh« about 1 to about 100 rnn in diameter. Or, for example^ the mixtuie 
can be passed through a fitter having pores on the nanometer scale so as to create fine 
droplets. 

[003^ Ihe fiist monomer used in ^ microemulsion may be any monomer ftat 
foims a fheimosensitive polymer upon, polymerization. Generally, such monomeis must 
be safe for use in the subject and ace preferably csqpable of pdymeriapg with oflier 
monomers, which mdude, but not limited to, acrylamide derivatives such bs N - 
i5opIopylacrylamideandJ/«^^-diethylacIylamid^^ Addrtionally, it is highty desirable that 
^ rnqp^"* polymeriases to fimn a nanopoious matrix to enable good gas peimeatioa 
and sustained release of bioactive agents flat may be uK^ipoiated m 11^ A 
nan<5)oious matrix can be attained when the conq)<menlstf microemulsion are inthe 
appxapaate ratios so as to form a bi-KX>iitmuous phase as would be understood by a 
skilled persoiL It is further desirable fliatfle monomer beadle of polyrnerizi^ 
presence of ultraviolet radiation and a photomitialor, or of polymerizing in tiie presence 
of a redox pair such as ammonium persulfide (APS) and N, N, N, TT- 
tetramediylethylenediamine (TMEDA), or polymerizing in the presence of heat fisf 
example by thermal polymerization through use of azobisisobutyronitrile (AIBN). 

p)037] h one embodimant, the first monomer is an m^lamidlB derivative sudi as an 
aUgrlated aoylanude, fbr exarrqile jV^-isppropylacrylamide C^AAm*^ or N, N- 
die%lainylarnide(1DEAAm*%vdudipdyme^ poly(Y-isopRqn^lacrylamide) 
nwiPAAm'OOTpolyWiV'-^ respectively. PNIPAAm 

is a well4movm Ifaermosensrtrve polymer fiiat exhibits a well-defined LCST of about 
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(ta pool) 22-2999 > '"^ P^" *»»gll. 

The sutfectant used in «,« , . 

I0039I Tbs microemuLaon may further cr»n«w~ 

unnupolyiiisr. Anmiomertteis ind,.4j i_ ,i„ . -^othd 
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[0040] The comottomers may include any monomer that will pdymaize to form a 
mateiial suitaUe for use in medical applications and Ifaat can copolymeiize with flie 
monomer cspaUe of fonniflg a 4em In various embodiments, the 

comonomer comprises methyl methaaylate CMMAT) and/or 24iydiDxyethyl 
ineOiaciylate CHEMA"). These comonomers are used to improve or adjust Ae 
mechanical strength and hydrophiUdty of the resulting polymer, respectivebr. 

[0041] As will be api^edatcd by a ddODled person, the precis 
above ng^^«rt« in the microemulaon is not critical, but dq)ends on a number of 
fectors, and may be varied for each ingredient dependmg on fte proportion of the 
ranamins ingredients. For example, a sufiBdent amount ofmonorner capable of fern^ 
a Aeimosensilive polynier should be induded sudi that the resultiog polymer has the 
desired theraiosenative prppeities. Moreover, the LOffr for any pvwi polynaer may be 
aiQusfced by using apptopnato comonomers, and by varying the ratio of ttie comonomer to 
the first monomer. This means 4at the discontinuous diange in swelling can take p^ 
ma different tenq)eraturc range, as rnay be desired for a particdar ^plication. Aswell, 
there shodd not be too much total monomer content sudi that die resdting polymer 
becomes too rigid or inflexible. 

[0042] The type and ratio of different types of monomers that niay be induded can be 
varied so as to mfluenoe flie properties of fte resdtmg polymer. For exanq?le, the 
hydnqAobidty of die potymar can be inaeased by mdudmg maeasmg amounts of a 
comonomer or comonomers that are more hydrophobic ftan die first monomer capMs of 
fbrmmg a themiosaisitive polymer. A skilled person will understand how to combine 
different monomers and vary the ratios to determine the effect on die various properties 
of die resdtmg membrane, such as the LCST, hydrophobidty and tensile strengfli. 

[0043] ihe ratio ofdie first niononoer to the comonomers indie rnixture used 
the microemdsion nugr vary dependke on the desued prcqierties of fte resdting 
polymer. In various embodhnenls, the ratio is 1:0, 5:3, 3:1, 1:1, or 1:3. 1^ varyu« die 
ratio, die tiiermosensifivity of the resulting monbrane, and dius its swellir^ pxapcs6ss. 
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can be modified as desired. 

[0044] In one embodiment, the ooncaotratians of the water, polymerizable sui&ctant 
mt^U!tsi''fammsrxml&iL in Uie n iixlme ai u betweenr-abou^-15%-and-tJ)oiit-S0%& 
between about 20% and about 45%^ and between about 25% and about 50% (w/w), 
xespectivdy. 

[004^ In other embodiments; the process opdonaUy may fiaAer compri^ of 
aoss-linking using a cross-linker. For exaxnplo, cross-linking may be achieved by 
chemical cross-linking, photochemical aoss-liridng, electron beam cross-linking, 
uhraviolet cross-linking or other methods tihat would be ^parent to The 
metiiod of cross-linking will depend on 4e nature of the components of the 
microemulsion tiiat are to be cross4inked. 

[P04Q For exan5)le.¥Aea certain suifiK5tants^ 

flie polymerizable sur&ctant, Ae microemulsion may comprise a chemical cross-linker, 
such as, for example, ethylene glycol dhnethacrylate C^EGDMA"). The chemical cross- 
linker may be any chemical cross-linker tibat will cross-link the various components of 
the miooemulsion, for example, any cross-linker Hxat is capable of cross-linkmg 
monomeis having vinylic or acrylic double bonds. Therefore, the particular cross-linker 
dbosen will depend on the nature of flie monomers and polymerizable suifictant m &e 
microemulsion. 

[0047] In one embodiment, the concentratiQn of Ae cross-linker is about 5% as a 
peicentage of the weight of the total monomeis. 

[0048] The microemulsion may be polymerized by standard techniques that wouM be 
apparent to a skilled peison. For example, the microemulsion may be polymerized by 
heat, the addition of a catalyst, by irradiation of die microemulskm or by mtroducticm of 
ftee radicals into die micrDemnlsion. The mebod of polymerization chosen will be 
dq)endent on die natoro of die oomponenis <tf Ifae nucn>^^ 

[00491 PoljOTMrizadonoflhemicroenndaonmay mvolvelheuseof acat^ The 
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catalyst may be my catalyst or polymerization initiator that promotes polymerization 
between fliedifEfexent types ofmonomMS and the suifectant Hie specific catalyst chosen 
may depend on the particular monomers (the first monMner and any comooomer), and 
polymerizable suifectant used or Ae method of polymerization. For example, 
polymerization can be achieved by subjecting the micioemulsion to ultraviolet radiation 
if a photo-initialor is used as a catalyst For example, the photo-initiator 2,2-dimethoxy- 
2-pheoylacetopheoflne be used* or m» alkylaiyliKtone may be used. 

[0050] . bone embodiment, the concentiatioii of idiotoiDitiatiMr is betwem 

to d)out 03 %i as a peiceatage of the oomWned weigjtt of total monraiOT and suiftctant 

[0051] The microemulsion m^ be formed into 4e desired end shape prior to 
polymerization. For example, a membrane may be fonned by ponring or ^reading «»e 
microemulsion into a tbin 1^ of a deared tiridmess prior to polymerization of 4e 
microemulsian to fomi the polymer membrane. Hie nuaoemulsion may also be finmed 
into fibers or tubes, if deared, for exanq)le, by pouring Ihe nuaoemulsion into a cast 
prior to polymeriang. After polymeriaatioo. *e membrane firaned firan the potymer 
miy be rinsed and eqaihT)iatod with water, and (vtionally dried a^ 
preparation for use in a medical or clinical application. 

[0052] The polymer, and resulting membrane, may be nanostmctured, meaning tiiat 
tiie material possesses r^ons of ordered stractore. these ordered regions being on the 
nanometer scale, typically betsveen a range of about 1 to about 100 nm. Theporesaw 
formed fiom Ihe volume occupied by water in the microemulsion. Thus, in dififeient 
embodiments the pores m die material and tiie reaiWng membrane have die dimenaons 
of the hydrophilic phase in die microenmlsion, about 1 to about 100 nm, tbooi 10 to 
about 100 nm, about 50 to about 100 nm, or about 50 mn. 

[005^ When tibe polymer is femed according to die mcAods of die mvarticm, die 
po^er is preferably transparent such that m use as a wound dressing it allows for 
visuaHzation of Ite trndodying wound and xnonitoring of the healing process. 
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[00541 'Tte thennosensitive polymer piepared by the above process is preferably 
stiODg, flexible and stretdiable. Tbese properties are influenced by the type and amount 
of monomer used to fbmi the microemulsion. For example, in certain onbodiments, 
mdusion of comonomer HEMA may improve the flexibilily of the polymer due to its 
hydiophilic properties. 

[OOSSi In particular embodiments, &e tensile strength of the polymer m^ raoige fiom 
about 4 to about 20 MPsl Indnsion of comcmomer mdisyl metfaacryiate in certain 
embodimoits m^ reduce the tenale strengdi of flie pdymer, but increase dasticrty, 
possibly due to the intioductioii of a hydrophobic comonomer tbat allows for 
hydrophobic interai^ons between pdynier diains. A skffled person can readily vary the 
difiEerent monomer componeots to adiieve tfie various desired mechanical properties of 
thepolymer. 

[00561 Ftoid retention bGOcaOi a wound dressmg, caused by poor water vapor 
permeation, or the ddiydration of a granulatuig wound bed, caused by rqpid water loss, 
can pose serious problems to the healing of wounds. An ideal wound dressing maintains 
the evaporative water loss fiom a wound at an optimal rate to prevent bo& excessive 
ddiydration as wdl as the accumulation of exudate. A gr am i la ti ng wound experiences 
an evsporative water loss of about 5138 gAi^/day, as mudi as 20 tirhes that of skm with a 
first degree burrt 

[0057] Wound dressings with very low water vspcm transmission rate (WVTR) 
include, Yigilm®, Vigilon cover Sbn and Stxetdi V Sed® dressiogi^ wfaidi have 
WVTRsof 168 i32, 139 ± 23 and 326± 44 gAi?/day, respectively (jRniz-Cardona et d. 
Biomaierials (1996) 17:1639.)- Tegadem® and Biodusrve®, as wdl as many adhesive 
fifan diesshigs, also have low water vapour transmission rates, vnSk respective WVTRs of 
491 ± 44 and 382 ± 26 gfa?/day^^ OpShe® (WVTR of 426 g/n?/d^) is ^roxnnafidy 
28 (im Ihidc and has been used as a skin graft donor site dressing with sc»ne success^ 
aUfaou^ flmd collections must be removed fiequenfly by puncturing the mateiid and 
aspiialii^ &e fluid. 
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[OOSq Jbl contrast, bydrophilic matexials sudi as Odipexm® have high WVTR. 
Gelipenn® has a WVTR of 10972 ± 995 g/nof/day. However, usmg wound diessiiigs 
with sudi a hi^ WVTR could lead to tiie total dehydiatioa of fhe wound sui&oe (Queen 
el al. Bfo»iaterto& (1987) 8: 367.). 

[0059] In certain embodiments^ Ihe Ifaennosenshive nanqporous membianes 
described herein ediibit WVTR vahies ranging fiom about 500 to about 2000 
g/rf/dsy. Jn certain embodhneots, the WVTR raises fiom aboitf 500 to about 900 
g/rf/day. Thus, the polymer may be particulariy well suited for use with wounds 4at 
mcur light evaporative water loss. The WVTR m^ be aEEected by the pcne size and 
monomer conq)osition used to prepare the membrane. Thus» by selectmg different 
sui&ctants or by acy ustiiig the monomer content or water ccmtrat of &6 microemulstcm, it 
is possible to adjust the WVTR. of a particular nanopoious membrane . 

[0060] Preferably, the thennosensitive polymer £Drmed by die above process has an 
LCST that is biologically relevant That is, the LCST should be m a totr^rature rapge 
such that the temperature of the polymer wiU be above the IXST wfam m 
be readily lowered below die LCST when the polymer needs to be swelled, wifliout 
causmg hann to the padent The IXST of die membrane > jHcferably at least s^^ 
below the body temperature of daie patient handng die wound. In cme embodiment, die 
polymer has an LCST that is bdow the tenq)erature of die wound ate. In one 
embodunent, die patient having the wound is a human, and the LCST of the m 
between about 3yC and 3TX:. The IXSn'ofa gwen polymer can be aigusted liyvarymg 
die condrtions under which die membrane is transitioned below its LCST, &r example, 
bymdudmgvarioiissattsmdiesohrdoncqqpliedtom Typically, 
the LCST is lower m a solution OHitainmg sabs. 

[0061] The swelling property of die polymer and the resultiog membrane is 
temperature dependent in diat die polymer swells to a greater extent die fiudier die 
temperature is below the LCST. The tBn5)erature dependency is iiot necessarily Imear, 
anddiepolymermay exhibit a discontinuous swelUng ratio around the LCST. 
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[0062] Hie swelling pioperly of the polymer is also dependent on the concentration 
of first monomer that is used to fomi the matenal. Greater concentrations of such a 
monQmermcrBasetiie swellability of die material in response to a temperature deo 

[006^ Preferably, the polymer and tiie resulting membrane are thermostable to allow 
for sterilization of the membranes pricn- to use in a medical applka&m. Jn diffiient 
^nbodiments, the polymer has a decomposition temperature, of at least about 300°C. 
The thermal stability does not appear to be afiEected by difiEtereot microemulsion 
composrtioiis and provides a significant advantage as the membranes can be sterilized, 
for example by autodaving, prior to dinical implication. 

[00S4] In different embodiments, &e resulting polymer is biocompatible, non- 
q^totoxic and non-allergenic and causes minimal irritation to the tissue at the wound site. 

[006Q The theimosensitive polymer prepared 1^ difiEerent embodiments of tiie 
process of the present invention is usefid as a wound dressing for dosing op&i wounds 
that need Kaalnig Ihe wound may be on any animal, for example, witiiout limitation, a 
^amtttfll^ for example, a hiunan. Ihe swelling properties of the membrane make it 
particularly usefiil as a wound dressing, as swelling of the membrane prior to removal 
finm the wound v/ben the dressing needs to be dianged fibdlitates removal and minimizes 
dismption of the healing process. 

[pOSq Ihus, there is provided a metiuxl of dressing and undressuig a wound 
comprising applyiiig a thermosensntive polymer to a wouncU immediately prior to 
removiqg the polymer fixmi tiie wound, ledncing the tenq>6iature of tfaennosensrtive 
polymer to ftr'l^^^t*^ removal of the polymer, and removing the polymer fiom the wound. 

[0067] Ihe polymer may be nanoporous and may be lulled to the wound in a 
swelled or unswelled state. If tiie polymer is to be qyplied m a swelled state, it is 
immersed m water jmor to plication at a temperature betow 'die LCST. Due tD tiia 
temperature-dqiendent swelling pippeities of the polymer, the dres^ng will conbact 
t^xm warming. 
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[0068] However, if the polymer is applied in a dry state, for example, when excessive 
exudates exist in the wound, itis dried priorto s^lication. 

^06^ In Older to remove tixe diessiniE^wilh mmimal disruption to the healii% wrand, 
the tempetatme of flie polymer is lowered, in the presence of water, prior to removal. 
The lower the temperalme to which the polymer is cooled, the greater die swelling of ^ 
polymer. Hie temperature should be a temperature that is suflSdent to fecilitate removal 
and v^hidi minimizes discom&rt to die patient or damage to tfa& tissue at die wound aite; 

[0070] The Ihennosensitive nanoporous polymer as prepared by different 
CTlMy^^tnftnte of the piocess of die invention may be used to deliver various Iheiafieutic 
agpnts to the wound site to promote healiitg of die wound. For exanqde, it m^ be 
desirable to deliver antibictics, drugs such as anti- inflammatories or clottiag agents, 
honnones involved in wound repair or other Ucmclecules such as nucleic adds or 
polypeptides, to die wound site. 

[0071] Generally, the dierapeutic agent may be incorporated wi4iin the polymer 
matrix, which allows for controlled release of die dierapeutic agent once die polymer is in 
place (m the wcxmd. 

[00729 ^ provided amethod of delivering atfaerapeutic agent to a wound 

coiq)rising incoxpoiating a Iberapeutic agent into a thenoaosensitive nanoporous pdymer 
and applying die Ihmnosensitive nanoporous polymer to the wound. 

[0073] The dieiapeuric ^ent may be any ^gent having a dierapeutic or pierventative 
efiEbct on die wound widi respect to healing or prevention of infecdon. For exanq)le, 
widiottt limxtadon, die dierapeadc agent may be a drug, an andlnotic, an anli- 
iuflammatCHy Qgent, a dotting fiictor, a hormone, a mideic add, a peptide, a oeUnlar 
factor, or a ligand for a cell surfioe receptor. 

[00741 Preferably die agent will cause minimal irritation to the wound site, and cause 
mmimal interference widi die healing pn)cess. As well, it is preferred diat the dierapeutic 
agent is one that does not interfere widi the physical or chenucal properties of die 
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llieimosenshive nanoponms polymer. 

[0075] The 1hBrq)eutic agent may be mcoipoiated into fte polymer, for exanqple, by 
soaking Ihe polymer membrane in a soMca cxmt^^ Alternatively, if 4e 

agent is stable miderliw particular pofymeiizaticm conditions that are to be usb4 it may 
be incorporated into fte nanq)orou5 menibrane during the polynieii^ 

[00761 Varying flie coinpoation 

lheiq)eutic agent and the extssA of fte initial burst release of the flierapeutic agent can be 
altered- Typically* ^ therapeutic agent is released fixmi the membrane in a sustained 
release manner* 

[0077] As well, itmay be desirable to deliver graft cells or tissue to a wound oroflier 
graft site so as to seed the site vvith healthy growing cells or The porous nature of 

Ihe polymer according to diflEbreot embodiments of the present invention, in combination 
with its Ihemiosensitive swelling characterisdcs, contributes to fee usefidness of fee 
polymer as a veWcle for delivering cells or tissue to a graft site. 

P078] hi one aspect, feere is provided a mefliod of deliveiiiig a cell to a graft site 
compiising culturing the cell on athecmosensitive nanoporous polymer, and placing the 
polymer comprising fee cell <Mito fee graft site. In various embodiments, the polymer 
may be coated wife hyduronic ad4 collagen or any ofeerbiocornpatiblernatiix prior to 
cuUuring feue ceQ feereoit 

[0079] The polymer may be used to deliver a cell, a number of cell% or tissue to fee 
graftsite. Ihu^*%cen'*indndes a smgJeceU and a plurality rfoel^ 
The cells or tissue may be derived fiom the patient to yAam fee graft is bemg ^lied, or 
feey may derive fiom anofeer source. Tie cells or tissue miQf. be tian^enic cells or 
tissue, where the liansgene makes fee cells or tissue suitable fixr gene feerapy. 

[0080] By reducing fee tBn^)erature of the polymer, fee polymer «q)ands and fee 
cells are more readily released fiom fee polymer to feie graft site. The polymer may be 
removed fiom fee graft site after new tissue has formed. Alternatively, the polymer may 



wo 2005/007717 



PCT/SG2004/000094 



17 

be lemoved after an incubation period MoTving tiansplantatiaa of tbe cells and polymer, 
but befiaie new tissue has finmed. In one embodinient; Ibe polymer can be swelled prior 
to ai^lication on the graft she. 

[0081] Various cell types may detadi fiom flie polymer at dififeient optimal 
tempetatuies. Hie temperature at whi<3i a particular cell type will detach fiom the 
polymer may be varied by adjusting the particular monomer types and ratios used to fomi 
ibe^'polymer: 

[0082] Ihe graft site m^ be any graft site, including a wound sitB> as well as any 
other accessible site to which it is deaied to deliver cells^ inchiding the ear and cornea. 
For example, Hm polymer may be used to deliver cells to repair die Round Window 
Membrane in die ear of a sulg ect or to deliver cells fi>r artifical corneal implant 

[0083] The polymer of the invention m^ be advantageously used in other 
q>plicatiQns where having a material with temperature-dependent sweUalnlity 
diaracteristics is desuable. For example, the nanoporous polymer may be used as 
scaffr^iHw g far cell or tissue culture, inchidinijr stem ceU cuhure. UsingathemiosensKtive 
naoopoious membrane or fiber as a siqqxnt for cultured cell growfli permits die transfer 
of the cultured cells without tfie use of harsh cazym^c or phyacal disruption to dislodge 
die cells fiom the culture vessel. Furthermore, due to die nanpporosily of die polymer, 
die Ifaermosensitive nanoporous polymer of the invention may be used in separation 
techniques to fitter or separate particles having nanometer dim e ns io ns. As well, die 
po^er may be used to separate cells» by conjugatisg to die ir^mbrane a ligand diat can 
bmd the qiedfic type of cell diat is to be sqiarated. 

[0084] The following e7q)eriments are illustrative of die process of preparing die 
fhennosensitive polymers and the resulting polymers and die mediods of dieir use and do 
not Ihnrt the broad asgpects of the processes, polymens or mediods of use as disdosed 
heiein. 
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L Materials Used 

[00851 Melhyl mefliaciylate (MMA) and 24iydioxyethyl methaorylate (HEMA) fiom 
Sigma were distilled at reduced pressure. N-Isopropylaciylamide (NIPAAm) was purified 
by crystallization (n-hexane). Ethylene" glycol dimethacrylate (EGDMA), and 2^- 
dimeflio:qr-2-phenylacetophencme (DMPA) fiom Aldridi were used without fijilher 
purification, o-metho^ poly(ethylene oxide)4o undeqrl aHcnethaciylate macnmonQmer 
(Gi^EO^ii-MA-40) was synlheazed accoiding^t^ the protocol described by liu et al. in 
JMacromol Sci. PimAppL Chenu (1996) A33, 3: 337. 

[008Q For the ^flieas of fiuionic68-diacz:^ate, fluoric-68 is dissolved in dried 
CHbCh wifli triethylanrine. Ihider nitrogen enviirament, methaciylcqd chloride was 
added diop-wisemto the solutim with stining, then Ae solution was incubated in an ice 
bafli for halfan hour. The mixture was fiirther stirred at The 
piedpitatBd trieii^rlanunonium chloride was filtered, and te excess aoyloyl ddoride, 
CHbClz. and triethylamine were removed by rotaiy ev^oration. The residue was 
dissolved in distilled chloiofbnn and washed twice with saturated sodium bicaibonate 
solution The chloiofonn solution was fiiither washed twice with saturated brine. A solid 
product was recovered fiom the chloroform sohition after evaporation. The pure product 
v?as obtamed by re-predpitating the erode product Aree times fix>m against 

edser. 

Z Membrane Preparation 

[0087] The porous membranes were prepared directly by microemulsion 
polymerization. Such miooemulsLons emprise variable amounts of H^IA, MMA, 
NIPAAm, uttraiHire water, and the surftctant Ci-EEO-Cu-MA-40 or fluronio68- 
diaaylate, the cross-linker EGDMA when Q-PEO-C ii-MA-40 was used, as weU as the 
photo4DitiatDr DMPA. 

[0088] Two 20 cm X 20 cm glass plate were washed and dried at room temperature. 
The glass surfeces to be contacted witibi die microemulsicms were polished using tissue 
with a small amount of silicon oil to enable removal of the polymer membrane afler 
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polyineri2atirai. About 1 g of eadiinicroenuiMon was first porared<mto a glass plate, and 
subsequent^ spread by slowfy covering wilh anofiber glass plate. This reduced Uie. 
chances of air bubbles being tr^jped between fte two glass plates. Small peces of ftin 
"aliaMn felT'stBgrigefOBea as-qmrnr be t w iitai Oie- gl ass-plates-to-iegulate-Ae- 
thidmess of membranes. 

[0089] Ihe pQlymeji2atioQ leadiOT was carried out in a UV reactor for 6 h. Hie 
irioiibrmwwerein^ 

wedL before snlgected to ftaOerciiaiactBrizatian. 

[0090] Ihe cooqwsitioosoffMmedmemlmmes are set out in Table 1. Tlie cross- 
Kaffir ECaOMA fbnns Ibe remaining 2% of eadi con^ositioo. 

Tflhlfi 1 Owwmsttion of Selected NBcrosmulsion Svstea^ 

Compoation by Weigjit % 

System HEMA MMA 1«PAA Surfectant Water 

HMNl 10 10 20 35 23 

HMN2 20 10 10 35 M 

HMN2a 15 7.5 7.5 35 33 

HMN3 10 20 10 35 23 

HMN4 5 10 25 35 ^ 

HMN5 10 0 30 35 M 

HMN6 5 25 10 35 23 

S.TapoffvphyAnafysts 

[p091] Investigation of too surfice tppographies of ibe mendnanes was conduced 
rwag a Ibermo Nficrosoope Autoprobe CP Reseaidi atomic fiwce miaoscope (AFM) 
system ^ark Sdeotific Instnanent, Sunnyvale, CA) in contact mode. Conical siUoon 
nitride tqs mounted on a silicon cantilever wifli a force constant of 0.40 Nto were 
employed. The SiK4 cantflevets (wilii an inlegral tip) had a lenglh of 180 jun, widfli of 
^R[iin ^ thi rlmft!gs nf 1 ;im and iBsonant fiequencv of 45 klfe. Eadi image contains 521 x 
512 data points. Ute surfioe tqjogn^iliical images were processed uang IP2.1 Lna^ 
Software. 
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[0092] Qoss-sectional topography of llie membranes was investigated osing a JEOL 
6700 field emission gun scanning electronic microscqpe (FEG-SEM). The membianes 
ynse fieeze-firactured in liquid nitrogen to expose the ooss-sections. Prior to 
-SaSffia<aC"tfie"s^^swe-vaBnanrdiiea-aritK^ 

coated with a thin l^er of gold using a JEOL ion-sputtBr JFC-1100 gold-coating 

madune. 

membiane suifece contained pores, typicafly less Hum 100 nm. A scanning electron 
miccogiaph of crass-section of tiie membrane, shown in Figure 2, revealed the randomly 
distributed nanostroctured channels created by the water content during the fabrication 
pxocess» Ihe channels being 50 to 100 nm in diameter. 

4. Thermal Properties 

[0094] Tbe decomposition temperatures of polymeric membianes were analyzed by a 
Peddn Ehnertiiennogmvimetric analyzer (TGA). The tiiemofll behaviour of about 10 mg 
sample placed in a platinum cell, was evahiatedfiram 30 to AtBnq)eratmB 
gradient of 10 *^amin was ^lied under dry nitrpgen flow and tiie weijjit loss was 
ccwtinuously reconkd, Ihe temperature range where 4e sample we«Jit decreased 
diaiply was regaxded as the decOTipoMtion tMnperature. 

[009^ The thennal analysis showed that membranes having difiBsrent monomer 
compositions had sunilar decomposition temperatures (Td) tanging fifom 300 **C to 350 
This result indicates tiiat tiie membranes are thennally stable up to 300 T and tiiat 
alteiation of tiie microemulsion composition does not affect tiie thennal stability of the 
lesultant membranes. His tixermal stability is a significant advantage as it would mean 
that tiie manbranes can be sterilized by autoclaving or oflier means prior to clinical 
application. 

J. SwelUng Properties 

[00961 The equilibrium swdling ratios (TESR") of polymeric membranes were 
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measured using pre-weighed diy samples, which were immersed in distilled water to 
equilibrium at various temperatores. After the excess suifece water was removed with 
filter fsp&r. The weight of fixUy swollen samples was lecoided. ESR was determined 
acconimg to the equation £SirX%RWs=Waj/W^OO^ 
sample weight and Ws is Ihe wet sample weigjbt after swelling equilibrium. 

[0097] The membranes exhibited temperature-dependent swelliog ratios (Figure 3). 
lihey ^q>effi^ to 

of swelling ratio todc place in. the range of 32 to 37 suggesting ftat the swelling 
behaviour is likdy affected by the IXST of PhOPAAm. At amb^ above 
Ibis tenq^eiHhire raoge* the hydrophilicity of the membranes decreased, leading to lower 
swelling ratios. In general, an increased NIP AAm monomer content in the microemulsion. 
improved die sensitivity of Ihe membranes to tenq)ei8ture. 

[0098] Ibe water content as a perceiitage of the total nsemb^ 
at arange of ten^eratures for various membranes, as shown in Table 2. 

Table2 W aterContmtof Select Nanoporous Membranes 

Water Content by Weight % 



System 


4'C 


24*C 


32'C 


37'X: 


HMNl 


61.4 


583 


53.8 


48.0 


HMN2 


58.9 


52.1 


483 


442 


HMN3 


55.9 


51.0 


48.8 


433 


HMN4 


57.6 


51.2 


46.7 


40.4 


HMNS 


70.8 


63.9 


39.1 


56.0 


HMN6 


57.3 


53.2 


50.6 


47.1 



d Water Vapour Transndssim Rate 

[0099] The water vapor transmission rate (WVTR) of the membranes was determined 
affv»r^mg to Ihe ASTM E96 water mefliod. Briefly, membrane discs in diameter of 16 
mm were each mounted, vnth ^ aid of water impemoeable sealant onto a plastic 
container containing 10 mL of distilled watei; which was placed in an inverted position 
such that water could evaporate through the membrane into an environmental chamber. 
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Tbs container was weighed periodically to detennine the rate of water movement across 
die membrane sang)le into die enviionmMital diambw, yvbadi bad a taiqwratare of 32''C 
and relative humidi^ of 50%. Ihe WVTO. was calculated fiom 4e equation 

mmbiane sanq)le having area A at time t The observed WVTR vatoes &r certmn 
membranes is shown in TaUe 3. 

^nihteS WaCTVaK «^Ti^'^«f^mgate6fSaert 

System WVTRfe/rf/dty) 

HMN 1 509.3 
HMN2 518.8 
HMN 2a 862.6 
HMN 3 502.9 
HMN 4 531.6 

7. Met^uoacal Proper^es 

[QOlOP] From an CTgineering perspective, good mechanical properties would allow 
materials used for wound dressings to maintain tiieir sh^ during ^Ucation. Here, 4ree 
parameters, tensile strength, maxinmm percentage strain and Young'a modulus, were 
measured to determine die mechanical properties of die nanostructmed membranes. 

[pOIOI] The stnui (%) at break. Young's Afodofais and tteale stxengdi of H» 
membranes were measured by an Instron muaofibree tester. Sanqdes wilii standard size 
stated in ASTM 638 were used, Tlte tmate rate was 055 mmAnin. 

[001021 Membranes wifli difEbroit ctanpoaitions were fijund to di»r in 
mechanical behavior (Table 4). Their lansilB stteagflis varied fiom 4.8 to 6.9 MPa, wifli 
die highest finmd in HMN 2. Membranes tfiat only contained NIPAAm and HEMA 
demonstrated hi^ lensite strengfli and Young's moduhis, aMxwg^ Iheir peroeptage 
stian at die break pwnt was cMnpiomised. This may be doe to the strong hydroidulic 
int^^nn b^een fliB polymer diains. Wifli the addition of MMA into 4e 
miooemulsian, Ae membranes lost some of dieir tensile strengfli but Ihrar percental of 
ffi/wi garinii imaeased to a range of 48 to 86%. In conqarison, flie tensile strmgfli and 
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YouQg's modulus of skin axe noxmally 25 to 16 MP^ and 6 to 40 MPa, respectively. 
Polymers Tvidi similar stxengths and slightly hi^er Young's moduli aie most fiequeidy 
used to rq)lace skin tissue GSilve, In Biomaterials, Medical Debtees and Tissue 
B^fSfefU^ntFT^g^^ 

Ihe &ct tbattfae tensile streogdi of die nanostxuctured membianes laqges fiom 4.8 to 6^ 
MPa and fhat tiie Young's modulus ranges fiom 140 to 380 Mpa suggests Oat tiiese 
membianes ha^e sufficient dumbilily to be used as woimd dressings . 



Table 4 'Muchsmicai Properties of Selected Membranes Dried 

Tensile Young's % Strain 

System Strengfli (MPa) Modulus ^IPa) atBieak 

HMNl 5.7 ±031 180 ± 30 74.4 ±4.31 

HMN2 6.9±0i5 380 ±40 78.0 ±5.40 

HMN3 5.9 ±0.21 160 ±10 86.9 ±434 

HMN4 4.8 ± 0.78 140 ± 20 48.6 ±2.10 

HMN5 10.9±1.2 0.45±0.05 40J2±3.81 

HMN6 6ifc0.50 0.2±0.03 58.8±7.14 

[00103] Medianical properties of membranes in die swoUen state weie also 
investigated. HMN 1 and HMN 4 Imd reduced mechanical properties after wetting, 
HMN 2 andHMN 3 retained their tonsile strengdi and most of their flexibility (Table 5). 

Tables Mftf>h«niea ; Properties of Selected Membranes After Wetting 

Tensile Young's %Strain 

System Strength QMPa) Modulus (MP&) atBieak 

HMNl 3.8 ±0.43 110 ±10 34J2±5,99 

HMN2 4.9±0.SS 280 ±30 61.0±3.10 

HMN 3 5.7 ± 0.21 100 ± 10 53.9 ± 3.04 

HMN 4 2.45 ±025 120 ±30 20.1 ±137 

HMN 5 3.3 ±036 190 ±30 17.23±1.87 

HMN 6 3.9 ±0.23 100 ±20 44.4±3.64 

& Cell viabiUly studies upon contact with soUd membranes 

[001 041 To prepare die mmbranes fi>r in yHtro cytotoxicity stodies. tiie membranes 
iwere cut into 2x2 mm pieces and soaked in PBS sdution over night After being dried in 
70 oven, tfaqr ^vere autoclaved for use in tbe cytotoxicity studt/. Preliminaiy studies 
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were done on membranes having various original monomer conoentxadans. EL4 cells (a 
CS7Biy6J mouse lynq)oma cell line) were incabated for 24 and 48 hours before viable 
cells were counted. There were 3 replicates for control (cells widiout q)edmens) and 
specnnens. Kesul& ai6 t^ttSSsA'^^piaxssats^^ 

[00105] After 24 and 48 hours incubation with ikt membranes, cells exhibited 
between 107.5 to 60.8 and 104.5 to 69.2% viability, respective^ (Table 6). The inaease 
of viablity of ihe cells in sbriie of flie trials inay signal a period of acclimatization afler 
udiidi tte cells ad^ and resume normal growth. 

Table 6 Viabilrtv of BL4 Cells After Exposure to Selected Membranes 
Viability (% Control) 

System 24hrs 48 his 

HMNl 105.4 98.4 

HMN2 107.5 104.5 

HMN3 96.1 84.1 

HMN4 60.8 692 

9. DrugLoadjng 

[00108] To determine if the membranes could be used to deliver &erapeutics such 
as drugs to a wound site, the membranes were tested using the model dnig scopolamine. 
Ihe membranes were immersed in scopolamine base at a concentration of lg/100 mL at 
4®C tor 3 days. The drug-loaded membranes were then air-dried before in vitro testing. 
The tn vitro tests were carried out at 3T*C in PBS 7.4) on a Vankel VK 7000 
dissolution test station. At predetermined intervals, 1 mL sample was drawn for HPLC 
analysis and replaced with fiefib PBS bufiEer. 

[00107] A sustained release of scopolamme over 3 days was observed for HMN 1 
and HMN 2 membranes (Figure 4), indicatmg that the membranes are suitable fo^r 
sustained delivery of drugs, sudi as antibacterial agents or wound healire accelerators, 
potentiaUy resultiotg in grealer e£Bdenq/ of wound healii^ 
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10, Cell Delivery from Membrmes 

[00108] Hie effect of temperature on cell detachment 6om the membranes was 
studied uskg mouse neoplastic fibroblast cells (L929, ATCQ USA), Ihe mwnbranes 
were autoclaved prior to use with cell cultures. In Hus experiment, each membrane was 
cut into the exact diameter of a well in a24-well plate and then placed into test wells. The* 
surfece of the control wells was left unmodified. The L929 mouse fibroblast cells weie 

then seeded onto. Ae membranes, or . weU 

cultured at 3TC under a humidified atmospheie of 9i CO2. After about 48 Ins, the 
cultures were incubated at 4, 10, 15, 20 and 27 X for hdf an hour as cold treatmeiiL 
Subsequently, the contents of each well were aspirated and transfimed to afirah 24-well 
plate. These firedi plates were then returned to 4e incubator to allow any detadied cells 
to reattach and resume cell grow&. Eadi well of tibte ori^nal plate was &en washed 
gently whfa pho^hale-bufEbied satine (PBS) at 25*^ and the viability of any remnant 
cells in eadi well was assessed udx^ the MIT asssqr. 

[00109] The cells were well attached onto the sur&ce of all tito membranes as 
shown in Figure 5. The cells consisterrfly organized tibemselves- into aggregates , 
connected by cytoplasmic projections (compare Figure 6B and 6C), a phenomenon not 
observed in the control sanies. 

[00110] After mcubatkm at 4 *C for about 30 minutes, 50 to 70% of flie cells 
attached to the mmbranes were found to have detadied. No 2q)parent cell detachment 
was observed in flie corrtrol plate. The effect of cooling temperature on the detachment 
was also investigated, as shown in Figure 7. Ihe maximum number of cells detached 
fiom the membranes at 15 X. Hbwever, it is noted &at Ihe effect of cooling temperatme 
on the membrane may be vary for different types of cells, and wifli varying membrane 
composition. The cells tiiat had detadied firan the Ihennosaisttrve mranbranes and that 
were transplanted attached to &e new sur&ce and resumed nomin al growth (Figure 8). 
Ibis result demonstrates Hxe viability of ^ detadied cells and constrtutes evidence 
against incipient cell death being the cause of flie observed detaduneol This property of 
the membranes indicates that the membranes are suitable for use as a vehicle for cell 
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giafiuQg. 

[00111] A lepiBsentadve membrane is shown in Figure 9, demonstiatiAg the 
transparency of the membrane, which would allow for visualization of Ae raideriying 
wound. 

[00112] As can be understood by one skilled in die art, many modifications to the 
ejDwnplaiy embodiments desml^ed 

to encompass all such modification within its scope, as defined by Ihe claims. 
[00113] All documents re&rred to herein are fiilly incorporated by lefeimoe. 



